The structural elements in a rock are characterized by their density in Preisach-Mayergoyz space (PM space). This density is found for a Berea sandstone from stress-strain data and used to study the response of the sandstone to elaborate pressure protocols. Hysteresis with discrete memory, in agreement with experiment, is found. The relationship between strain, quasistatic modulus, and dynamic modulus is established. 
example of a consolidated material. Such materials are not properly described by the traditional theory of nonlinear elasticity [4, 5] . The purpose of this paper is to illustrate some quantitative features of a new paradigm treating the elasticity of consolidated materials, and to describe results for elastic wave propagation from use of this paradigm.
The unusual elastic behavior of rock is due primarily to the mesoscopic structural features in rock, e.g. , grain contacts, cracks, voids, etc. We want to discuss a theoretical framework for the description of the macroscopic nonlinear elastic response of a material containing many mesoscopic structural features. The centerpiece of the framework is Preisach-Mayergoyz space (PM space) [6, 7] , a density space for the mesoscopic structural features and their elastic properties. McCall and Guyer [8] [9, 10] . The stress-strain and modulus-stress relationships are calculated from E and the density p(P"P, ) of HMU in PM space. Thus these equations of state are functionals of the elastic state [8] .
For illustrative purposes we assume that all of the HMU share the same two values of 4 and are configured as a cubic lattice [8] . At uniaxial pressure P and elastic state E, the length of the system L is given by
where N(E) is the number of closed HMU in elastic state E and 4 NT is the length of the system at zero pressure.
The strain, defined with respect to the initial state of the system, N(E) = 0, is given bỹ (2) where n = (8, -8,)/Z"Z, )Z"and n(E) = N(E)/Nr.
A stress-strain equation of state having hysteresis loops with discrete memory follows immediately from this equation [8, 9] . The elastic modulus M(E) is given by
Thus we see that M(E) ' has a close connection to n(E) and to the density p(P"P, ). Modulus-stress data yield
Bn(E)/BP, simple integrals over the PM space density. We can use M(E) ' data to learn the PM space density.
In Fig. 2 we show the inverse of the quasistatic elastic modulus as a function of stress for a room-dry Berea sandstone. This inverse modulus was found by differentiating stress-strain data generated in uniaxial compressional tests using the pressure protocol shown in the inset [11] . [12] . The results of this analysis are shown in Fig. 3 found from stress-strain data are described in Ref. [11] . Suppose a single frequency disturbance propagates through the system with displacement amplitude uo(x, t) = Usin~, where~= kpx -capt. The first order modification of up due to nonlinear elasticity is given in the frequency domain by [16] u)(x, co) = dx dM g(x, x', cu)
8 u x ccrc tel (10) for one period of the initial disturbance, where
(1 1)
Using the lowest order treatment of the displacement field, we find [17] 1/Q -1/Qo~bz,
where Qo is due to linear attenuation mechanisms. The out-of-phase (hysteretic) component of the nonlinear elasticity is the source of amplitude dependent attenuation. [18] ,and nonlinear attenuation [3) . None of these properties has an easy explanation, either qualitatively or quantitatively, using the traditional analytic models of nonlinear elasticity [4, 5] . Finding all of these properties in a single model is gratifying.
In addition, quantitative use of the PM space density yields a quantitative description of the bent tuning-fork behavior seen in resonant bar experiments [19] 
